CLOCK MULTIPLIER 



BACKGROUND OF THE INVENTION 

(A) Field of the Invention 

The present invention is related to a clock multiplier, more 
specifically, to a clock multiplier capable of modulating the duty cycle of 
the output clock. 

(B) Description of Related Art 

With the rising demand of higher clock frequency to semiconductor 
devices, on-chip clock multipliers are widely used nowadays. 
Conventionally, the relatively expensive phase-lock loops (PLLs) and 
lower-cost clock doublers are chosen as multiplication solutions. 

FIG. 1 illustrates a function block diagram of a clock multiplier 10 
using PLL technique, which consists of a divided-by-M counter 11, a 
phase-frequency detector 12, a charge pump 13, a loop filter 14, a 
voltage-controlled oscillator (VCO) 15 and a divided-by-N counter 16. In 
accordance with such design, the frequency of the output clock (CLKOUT) 
is equivalent to that of the input clock (CLKIN) multiplied by N/M. 
Because of the high circuit complexity, the cost of silicon processing and 
testing overhead typically preclude the use of such PLLs in cost-sensitive 
integrated circuits. 

FIG. 2 illustrates the circuitry and the timings of a known clock 
doubler 20. The clock doubler 20 consists of a delay line 22 and an 
exclusive OR (XOR) gate 24. If the period of a CLKIN is T, the delay 
line 22 will generate a delayed-clock (CLKDLY) delaying T/4. 
Accordingly, the CLKIN and the CLKDLY are inputted to the XOR gate 
24 to generate a CLKOUT with double frequency. Although the clock 
doubler is much simpler and cheaper, it still suffers from two limitations. 
First, the useful frequency range is limited as a fixed delay line is used. 
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Thus, if the applied frequency is changed, the delay line has to be changed 
as well. Secondly, the delay line is a circuit constituted by 
resistor-capacitor (RC) components, which are easily affected by process, 
temperature, supply voltage and clock frequency change, so the duty cycle 
5 of the delay line will be changed. 

Nowadays, clock multipliers are widely applied in various digital 
integrated circuits. However, current clock multipliers are either more 
costly or ineligible, and thus it is necessary to develop a low-cost clock 
multiplier capable of adjusting the duty cycle of the output clock. 

10 SUMMARY OF THE INVENTIION 

The objective of the present invention is to provide a clock 
multiplier capable of steadily controlling the output clock, so as to 
overcome the sensitivity of process drifting or temperature variation. 
Ideally, the clock multiplier can control the duty cycle of the output clock 
15 to be 50% to ascertain the output clock as having good quality. 

The clock multiplier of the present invention comprises a first clock 
multiplication circuit, an inverter, a first low pass filter (LPF), a second 
LPF and an amplifier, the first clock multiplication circuit being operative 
to multiply the frequency of an input clock, the inverter being operative to 

20 invert the input clock, the first LPF receiving the output clock of the 
inverter for being charged or discharged, the second LPF receiving the 
output clock of the first clock multiplication circuit for being charged or 
discharged, and the amplifier being operative to compare the output 
voltages of the first LPF and the second LPF to perform a feedback control, 

25 so as to modulate the duty cycle of the output clock of the first 
multiplication clock to approach 50%. If the input clock has a full voltage 
swing, a one-half supply voltage (V DD /2) can be selected as a reference 
voltage to substitute the inverter and the first LPF for simplifying the 
circuitry. 
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As to apply in a 2X clock multiplier (clock doubler), the above 
mentioned first clock multiplication circuit can be constituted by a first 
voltage-controlled delay line (VCDL) and a first XOR gate, the first VCDL 
being operative to delay the input clock, the output voltage of the amplifier 
5 being operative to modulate the delay time of the input clock, the first 
XOR gate receiving the input clock and the output clock of the first VCDL 
to double the frequency of the input clock. 

Likewise, the feedback control mechanism can be used in a 3X, 4X 
or other multiple clock multiplier as well, and so long as the internal design 
10 of the first clock multiplication circuit performs a minor change, the clock 
multiplier will possess the same capability of modulating the duty cycle of 
a clock. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates a known PLL clock multiplier; 

15 FIG. 2 illustrates a known clock multiplier and the timings; 

FIG. 3 illustrates a 2X clock multiplier of the first embodiment of 
the present invention; 

FIG. 4 is the timing diagram of the 2X clock multiplier shown in 
FIG. 3; 

20 FIG. 5 illustrates a 2X clock multiplier of the second embodiment of 

the present invention; 

FIG. 6 illustrates a 3X clock multiplier of the third embodiment of 
the present invention; 

FIG. 7 is the timing diagram of the 3X clock multiplier shown in 
25 FIG. 6; 

FIG. 8 illustrates a 4X clock multiplier of the fourth embodiment of 
the present invention; 
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FIG. 9 is the timing diagram of the 4X clock multiplier shown in 
FIG. 8; and 

FIG. 10 illustrates a 4X clock multiplier of the fifth embodiment of 
the present invention. 

5 DETAILED DESCRIPTION OF THE INVENTION 

First of all, some designations are determined for clear description, 
the input clocks of the clock multipliers of the following embodiments are 
designated as CLKINs, the periods of the CLKINs are designated as T, and 
the output clocks of the clock multipliers are designated as CLKOUTs. 

10 FIG. 3 illustrates the circuitry of a 2X clock multiplier 30 of the first 

embodiment of the present invention, and the corresponding timings of the 
points in FIG. 3 are shown in FIG. 4. The 2X clock multiplier 30 
comprises a first clock multiplication circuit 31, an inverter 34, a first LPF 
32, a second LPF 33 and an operational amplifier 35, the first clock 

15 multiplication circuit 31 receiving a CLKIN, and outputting a CLKOUT. 
The CLKOUT can be controlled by the feedback loop of the inverter 34, 
the first LPF 32, the second LPF 33 and the operational amplifier 35. The 
first clock multiplication circuit 3 1 consists of a first VCDL 311 and a first 
XOR gate 312. The CLKIN is as one input to the first OR gate 312, and a 

20 delayed T/4 clock generated from the first VCDL 311 is as the other one. 
Accordingly, the frequency of the CLKOUT outputted from the first XOR 
gate 312 doubles that of the CLKIN. 

Theoretically, if the first VCDL 311 can exactly delay the CLKIN 
by T/4, the duty cycle of the CLKOUT will be 50%. However, if the 
25 clock delay by the first VCDL 311 is less than T/4, the duty cycle of the 
CLKOUT will be uneven, i.e., the time of high level is much less than that 
of low level. Such phenomenon can be referred from FIG. 3 and FIG. 4, 
in which the location behind the first VCDL 311 is designated as "A" 
shown in FIG. 3, and the corresponding timing of clock "A" is shown in 
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FIG. 4. The CLKOUT inverted by the inverter 34 will generate a clock 
"B," of which the time of high level is much greater than that of low level. 
Generally, LPF is constituted of RC components, in which the capacitor 
will be charged as the input clock is at high level, and be discharged as the 
input clock is at low level. Because of the uneven proportion of high and 
low levels, the charging time and discharging time of the first LPF 32 and 
the second LPF 33 will be different. With respect to the "C M point of FIG. 
3, due to the short discharging time, the capacitor of the first LPF 32 will 
be recharged when the containing charges are not completely released yet, 
inducing that the voltage at "C" point ramps up. On the contrary, due to 
the short charging time, the capacitor of the second LPF 33 will again be 
discharged when the charges are not completely filled yet, inducing that the 
voltage at "D" point ramps down. The output voltage of the operational 
amplifier 35 is equivalent to the difference between the output voltages of 
the first LPF 32 and the second LPF 33 multiplied by a coefficient, so the 
output voltage of the operational amplifier 35 will increase. As a result, 
the first VCDL 311 gradually increases the delay time of the output clock 
("A" point) to approach T/4, and thus duty cycles of the CLKOUT and the 
clock "B" will approach 50%. The first VCDL 311 will cease the clock 
delay modulation if the CLKOUT reaches equilibrium, i.e., the duty cycle 
is equal to 50%. The operational amplifier 35 is illustrative only, a 
comparator or an amplifier having transistors can be selected as an 
alternative also. 

If the CLKIN has a full voltage swing, the high voltage is equivalent 
to the supply voltage V DD? a ^d the low voltage is equivalent to ground. 
Therefore, a reference voltage V DD /2 can be selected to substitute the 
inverter 34 and the first LPF 32 to form a 2X clock multiplier 50, the 
second embodiment of the present invention, shown as in FIG. 5. 
Likewise, such manner can also apply to the following embodiments as an 
alternative. 

FIG. 6 illustrates the circuitry of a 3X clock multiplier 60 using the 
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above-mentioned manner, and FIG. 7 shows the corresponding timings of 
the points shown in FIG. 6. The 3X clock multiplier 60 comprises a first 
clock multiplication circuit 61, an inverter 64, a first LPF 62, a second LPF 
63 and an operational amplifier 65. The first clock multiplication circuit 

5 61 receives a CLKIN and outputs a CLKOUT, which may be controlled by 
the feedback loop of the inverter 64, the first LPF 62, the second LPF 63 
and the operational amplifier 65 so as to modulate the clock delay of first 
clock multiplication circuit 61. The first clock multiplication circuit 61 is 
constituted by a first VCDL 611 and an XOR gate 612, a second VCDL 

10 613 and a XNOR (exclusive NOR) gate 614. Both the CLKIN and the 
clock modulated by the first VCDL 611 are as the inputs of the XOR gate 
612, the first VDCL 611 delays the CLKIN by T/6 (referring to the clock 
"A"), so the frequency of the output clock of XOR gate 612 (referring to 
the clock "B") doubles that of the CLKIN, and its duty cycle is 

15 approximately equivalent to one-third. Likewise, the clock "A" is delayed 
T/6 by the second VCDL 613 (referring to the clock "C") to be an input of 
the XNOR gate 614, and the clock "B" is as the other input of that. 
Accordingly, the frequency of the CLKOUT triples that of the CLKIN. If 
the duty cycle of the CLKOUT is not 50%, the above-mentioned 

20 modulation manner can also be employed by the feedback loop of the first 
LPF 62, the second LPF 63, the inverter 64 and the operational amplifier 
65, so as to modulate the duty cycle to approach 50%. 

FIG. 8 illustrates the circuitry of a 4X clock multiplier 80 of the 
fourth embodiment of the present invention, and FIG. 9 shows the 

25 corresponding timings of the points shown in FIG. 8. The 4X clock 
multiplier 80 is associated with two 2X clock multipliers, iteratively 
doubling the frequency of a CLKIN from 2X to 4X. The 4X clock 
multiplier 80 comprises a first clock multiplication circuit 81, a second 
clock multiplication circuit 86, an inverter 84, a first LPF 82, a second LPF 

30 83 and an operational amplifier 85, the first clock multiplication circuit 86 
including a first VCDL 814 and a first XOR gate 813, functioning as the 
first VCDL 31 of the 2X clock multiplier 30 for doubling the frequency of 
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the CLKIN, and the second clock multiplication circuit 86 including a 
second VCDL 861 and a second XOR gate 862. The CLKIN and the 
output of the first VCDL 814, i.e., the clock "A," are inputted to the first 
XOR gate 813, and the output clock of the first XOR gate 813, designated 
5 as CLK2X, has double the frequency to that of the CLKIN. The second 
XOR gate 862 receives the CLK2X and the output clock of the second 
VCDL 861 (clock "C"), and outputs a CLKOUT. Likewise, the CLK2X 
is controlled by a feedback loop of the inverter 84, the first LPF 82, the 
second LPF 83 and the operational amplifier 85. If the duty cycle of the 
10 CLKOUT is not equal to 50%, which can be corrected by modulating the 
delay times of the output clocks of the first VCDL 814 and the second 
VCDL 861. The first VCDL 814 and the second VCDL 861, under the 
same control voltage, respectively delay T/4 and T/8 of their input clocks 
to induce a 4X clock multiplication. 

15 FIG. 10 illustrates a 4X clock multiplier 100 of the fifth embodiment 

of present invention, which is based on the 4X clock multiplier 80 of the 
fourth embodiment except the first VCDL 814 is substituted by a third 
VCDL 811 and a fourth VCDL 812 connected in series, and both the third 
VCDL 811 and the fourth VCDL 812 are operative to delay T/8. 

20 Likewise, the third VCDL 811 and the fourth VCDL 812 is controlled by 
the feedback loop of the inverter 84, the first LPF 82, the second LPF 83 
and the operational amplifier 85 to modulate the duty cycle of the 
CLKOUT. As a result, all the second VCDL 861, the third VCDL 811 
and the fourth VCDL 812 are operative to delay T/8, so the clock "A" 

25 delayed by T/4 to CLKIN, and the clock "C delayed by T/8 to CLK2X can 
be accomplished by a single control voltage. 

The above-described embodiments of the present invention are 
intended to be illustrative only. Numerous alternative embodiments may 
be devised by those skilled in the art without departing from the scope of 
30 the following claims. 
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